Abstract. The unsaturated state of soil can raise many geotechnical problems upon wetting-drying cycles such as volume change resulting in collapse or swell, change in the shear strength, and change in the hydraulic conductivity. The classical principles of soil mechanics for saturated soil are often not suitable for explaining these phenomena. An experimental work was carried out to study the volume change behavior of Bentonite-Sand mixture under constant suction condition. A mixture of 30% Calcigel bentonite and 70 % Haider sand (30B) were tested in this study. The applied suction was kept constant through the tests. Thirteen 30B specimens were tested under constant suction condition. Two different initial states (slurry and loose) were chosen to examine the effect of initial state on the volume change at unsaturated state. The results of first group (initially slurry state) show that once the suction was applied the compressibility of the specimens in this group followed the isotropic NCL up to 255 kPa suction. Subsequently, the slope of compression curve decreased. The results of increasing suction for initially slurry state show that the slope of compression lines became near to zero for suction higher than 600 kPa. Moreover, when applied suction is lower than the air-entry value, s aev , the soil behaviors as the saturated soil. Therefore, the effective stress equation can be applied. The results of second group (initially loose state) show that the unsaturated preconsolidation pressure increases as the constant suction increases. The slopes of the unsaturated over consolidated paths in all tests were closed to the slope of saturated over consolidated path (C r ), while the slopes of the unsaturated normal consolidated (yield) state are higher than the slope of saturated NCL. Finally the results show that the slope of the unsaturated NCL is higher (steeper) than the slope of saturated NCL.
Introduction
The soil forming in shallow layers in the arid and semiarid regions and the compacted soil used in earth dams, highways, embankments, airport runways, and the sealing and buffer materials engineering barriers e.g., used for the nuclear repository are in unsaturated conditions. Whenever the water interacts with a soil that is in a state of unsaturated condition volume change may occur. In nuclear (or radioactive) and high-level toxic waste disposal repositories, temperature of the waste elevates due to radioactivity processes which causes drying of the soil and alters the degree of saturation of the soil. The safe disposal of high-level radioactive nuclear waste generated from nuclear power plants is of great concern in many countries due to nuclear waste long-term (at least 10,000 years) detrimental impact on humans if released into the environment. In many countries, the chosen emplacement depth for the waste repositories has been found to vary between 500 to 1000 m (e. g., [1] and [2] ). A geologic disposal facility generally consists of metallic canisters containing the radioactive nuclear wastes, buffer materials between the waste canister and bedrock, and backfill materials that would fill the spaces in the excavated access tunnels and pits. The basic functions of the barrier materials used in the waste repositories require a very low hydraulic conductivity in order to provide long-term stability to the barrier system under the high overburden pressure, and the materials should possess a high radionuclide adsorption capacity and a high heat transfer capacity [3] . Therefore, it is important to investigate the materials that have been proposed (such as bentonite-sand mixtures) as these materials are to be used as sealing and buffer elements for the repository beside the studies performed on the host rock site characterization. The unsaturated condition of the repository induces hydro-mechanical processes of its buffer materials engineering barriers. To precisely understand this behavior the volume change behavior of bentonite-sand mixture under constant suction condition should be investigated. The volume change behavior in this study MATEC Web of Conferences 162, 01028 (2018) https://doi.org/10.1051/matecconf/201816201028 BCEE3-2017 represents the compression curves of bentonite-sand mixtures under constant suction condition. Two initial states are chosen: slurry and loose density state for each soil mixture.
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Materials used and samples preparation
The materials used in this study are pure bentonite 100B and a mixture of bentonite and quartz sand, 30% bentonite and 70% sand mixture 30B. The bentonite and sand mixture` with compositions of 30B was prepared. The bentonite was mined from Bavaria, Southern part of Germany. Table ( 1) summarizes the properties of bentonite and sand used in this study based on ASTM standards, ASTM (1997) and DIN standards, DIN (1987) . The Liquid limit for (30B) mixture is 30%. The slurry soil was prepared by mixing the soil with water equal to 1.2 of liquid limit (L.L.). To cover all the possible states of unsaturated volume change, the initial conditions of the specimens used are divided into two states: ((i) Slurry (Sl) when drying path was applied and (ii) Loose (Lo) when wetting path was applied. The initial slurry state was used to study the unsaturated volume change of drying path, whereas the initially loose state was used to study the unsaturated volume change of wetting path. The slurry specimens were prepared by mixing the soil with water content equal to 1.2 times its liquid limit (i.e., 36 % for 30B). The soil was mixed daily for at least one week to produce homogenous mixture. The loose specimens were prepared to produce maximum void ratio of unsaturated state. Water content of range (65 %-10%) to achieve suction ranges (12 MPa-3.5 MPa) brings into being maximum initial void ratio for 30B soil.
Table1. Summary of soil properties for materials used, 30B soil.
Properties of soils 30B Specific gravity 2.695 Liquid limit (%) 30 Plastic limit (%) -Plasticity index (%) -Shrinkage limit (%) -Clay content (%) 8.1 Fine content (%) 28.5 Total specific surface area (m 2 /g)* 120
*determined using the Ethylene glycol monethyl ether (EGME) method [23] 
Experimental program
The study amides to investigate the effect of suction on volumetric yielding behavior under different initial conditions for fine-grained soils. Therefore, the net stress is increased through the test while the suction is kept constant. Thirteen 30B specimens were tested under constant suction condition. The initial states for constant net stress test and the stress paths for each test in (net stress-suction) space are shown in Table ( 2) and Figure  ( 1), respectively. The following nomenclatures will be used as abbreviation in this work for the mixture percent, type of test, initial condition (e.g. 30B-S39-Sl = 30B mixture with 39000 kPa constant suction test for slurry initial condition): 30B = 30% bentonite (calcigel) and 70% sand; SX = constant suction test of X MPa; Lo = loose initial state; Sl = slurry initial state.
The tests 30B-S0.1-SL, 30B-S0.45-Sl, 30B-S0.05-Lo, and 30B-S0.1-Lo1 were loaded under constant suction condition then followed by wetting process (reduction in suction under constant net stress) at 0.91 MPa, 1.6 MPa, 0.92 MPa, and 0.925 MPa, respectively. The maximum constant applied suction in the cerise was 39000 kPa (30B-S39-Sl test) because of the possibility to increase the preconsolidation pressure (yield stress) more than 24000 kPa (the maximum limit of the used equipment). The state of the applied net stress in study is mainly onedimensional using; the modified controlled-suction oedometer cells, UPC-Barcelona cell, UPC-Isochoric cell, and high stress oedometer cell, in the soil laboratory of Ruhr-Universität, Bochum, Germany. All these cells have a specimen with the following dimensions: 50 mm diameter and 20 mm height. Only one test for each soil was carried out by applying isotropic stress using triaxial device to locate the position of isotropic normal consolidation line (iso-NCL). The specimen has dimensions 50 mm diameter and 40 mm height. The procedure followed for each test depends on the type of the test. Based on the pressure-deformation characteristic of all devices, the measured volume (i.e., dry density and void ratio) at each loading and unloading steps during the compression tests were corrected. The axis translation technique (ATT) and vapor equilibrium technique (VET) were used to apply (control) suction in the used one-dimensional compression cells. For suction range less than 1500 kPa, the axis-translation technique (ATT) was used, while for suction higher than 2000 kPa, the vapor equilibrium technique (VET) was adopted.
Experimental results and discussion
The results of the volume change test under constant suction condition are presented in this section. Thirteen 30B specimens (8 specimens for initially slurry state and 5 specimens for initially loose state) were tested under constant suction condition. Two different initial states were chosen to examine the effect of initial state (slurry and loose) on the volumetric yielding at unsaturated state. The initial states for constant suction test and the stress paths for each test in (net stress-suction) space are shown in Table ( 2) and Figure (1 ) , till reaching a specific suction value (point C). Beyond that the net stress increases under constant suction condition. The preconsolidation pressure are 7, 200, 300, 400, 600, 800, 1000, and 8000 kPa under 0, 50, 100, 255, 300, 400, 450, and 39000 kPa constant suction conditions respectively as shown in Figures (2a-10a) . The increase in the preconsolidation pressure is due to (i) increase in the density before loading (as result of increasing the applied suction) and (ii) hardening of soil material as a result of increase in suction. Most of curves in this group (except 30B-S39-Sl test) joined the 1D-NCL as net stress increases. This behavior is attributed to increase in the degree of saturation during the loading that made the specimens reaching the saturation zone. The preconsolidation pressures, for tests with constant suction range from 0 to 450 kPa, locate on the saturated 1D-NCL and the values of these pressures increase as a result of increasing the density due to applying the suction. Note the values of the void ratio before start loading, Figures (2b-10b) . The compression curve of 30B-S39-Sl test (Figure 8a .30a) had undergone a high reduction in volume during the initial part of loading (between point C and 100 kPa net stress). This behavior can be attributed to separation of the sample from the confining ring due to high applied suction (39000 kPa) and the incremental response of the sample changes from oedometric to uniaxial. Therefore, initially the sample had high reduction in volume until it retain back, by filling the space between the sample and the ring with soil material due to lateral deformation, to the oedometric loading condition. As the loading increased the compression curve passed the 1D-NCL till reaching 8000 kPa net stress. Beyond this point the state of the specimen changes from over consolidated to normal consolidated (yield) state with slope higher than the slope of saturated NCL. Once the suction was applied (after point B), the compressibility of the specimens in this group followed the isotropic NCL up to 255 kPa suction. Subsequently, the slope of compression curve decreased. The results of increasing suction for initially slurry show that the slope of compression lines became near to zero (no compression with increasing the suction) for suction higher than 600 kPa. The same behavior was observed in case of 30B-S39-Sl test. The gravimetric water content, of constant suction tests for initially slurry sate, decreased as suction increased along with drying path of SWCC, Figures (3c-10c) . The gravimetric water content decreased slightly as the net stress increased for over consolidation (before the preconsolidation pressure). The reduction in the gravimetric water content during the loading at the over consolidated state is believed to be due to change of the state from drying path (due to increasing the suction before loading) to wetting path (due to increase in the degree of saturation as a results of compression the specimen during loading). The results of controlledsuction collapse tests carried out by Sun et al. (2007) showed similar behavior during the over consolidated state. Beyond the preconsolidation pressure it seems to be that the gravimetric water content-suction relationship depends on the degree of saturation. If the degree of saturation is equal or higher than the degree of saturation at air-entry value (about 0.85 for 30B soil), as the case of 0, 25, 100, and 255 kPa constant suction conditions, the gravimetric water content decreased as net stress increased to keep the specimen in saturated zone. Whereas in case that the degree of saturation was moderately lower than the degree of saturation at airentry value, as the case of 300, 400, and 450 kPa constant suction conditions, the gravimetric water content increased slightly as net stress increased till the degree of saturation reaches value around 0.85 (the degree of saturation at air-entry value), then the relationship followed similar behavior of first case. The third case is when the degree of saturation was significantly lower than the degree of saturation at airentry value, as the case of 30B-S39-Sl test under constant suction of 39000 kPa. In this case the results show that the gravimetric water content remained unchanged regardless of increasing the density due to loading. Generally, the degree of saturation decreases with increasing the suction, then increases as the net stress increases, Figures (3d-10d) . For the initially slurry specimens under values for constant suction up to 255 kPa, the specimens remain in saturated state (except one point before loading in the 30B-S0.255-Sl test). The soil before the air-entry value, s aev , is in the saturated zone and its behavior as the saturated soil. Therefore, the effective stress (Eq. (1) with  = 1) can be applied for void ratio and gravimetric water content, Figure (11) . In other tests, the effective stress can be applied for range of suction before air-entry value (80 kPa) only.
(1)
where ´ = effective stress;  = total stress; u a = pore air pressure; u w = pore water pressure;  = effective stress parameter, which has a value of 1 for saturated soils and 0 for dry soils. Figures (12-17) show the results of second group of tests under constant suction condition for 30B soil: namely the initially loose state. The preconsolidation pressures are 5, 4, 100, 150, and 800 kPa under 50, 100, 4300, 10000, and 39000 kPa constant suction conditions respectively, Figures (12a-17a) . The values of the void ratios in this group before loading (points C's) was 1.0, 1.1, 1.44, 1.05, and 1.05 under 50, 100, 4300, 10000, and 39000 kPa constant suction conditions respectively. These values can give some explanations about the relationship between the initial void ratio (initial density) and the unsaturated preconsolidation pressure. Again the
increase in the preconsolidation pressure is due to the higher density before loading and hardening of soil material as suction increases. However, the yield states of 30B-S0.05-Lo and 30B-S0.1-Lo tests were achieved immediately when the suction was reduced from 5000 and 3500 kPa to 50 and 100 kPa, respectively. The results of 30B-S4.3-Lo, 30B-S10-Lo, and 30B-S39-Lo tests show that the unsaturated preconsolidation pressure increased from 100 kPa to 800 kPa as the constant suction increased from 4300 kPa to 39000 kPa. Moreover, Figure (17a) shows that the normal consolidated (yield) paths for both 30B-S10-Lo and 30B-S39-Lo tests are the same and the difference in the preconsolidation pressure is due to difference in the initial density. In other words, the results show that, for range of void ratio from 1.44 to 1.5, the unsaturated preconsolidation pressure remains almost constant when the suction was changed from 4300 kPa to 10000 kPa. The slopes of the unsaturated over consolidated path in all tests were closed to the slope of saturated over consolidated path (C r ), while the slopes of the unsaturated normal consolidated (yield) state are higher than the slope of saturated NCL. The specimen of 30B-S0.05-Lo test, Figure ( The observed behavior, the slope of the unsaturated NCL is higher than the slope of saturated NCL, is similar to the results of ( [4] ; [5] ; [6] ; [7] ; [8] ; [9] ; [10] ; [11] ; [12] ; [13] ; [14] ;
[15]; [16] and [17]
). This behavior confirms the assumption of some unsaturated soil models (e. g. [5] ; [7] ; [13 and [18] ), while it disagrees with other unsaturated soil models, where they are assumed that the slope of the unsaturated NCL is lower than the slope of saturated NCL (e. g.
[19] and [20]).
Reference [21] pointed out that the apparent preconsolidation pressure of the 50 % bentonite-sand mixture specimens generally increases with increasing suction indicating that the material hardened as suction increases. This behavior is generally similar to the behavior of tested bentonite-sand mixtures (30B) in this study. Reference [22] presented results showing that during the compression process at constant soil suction for an unsaturated soil, the degree of the saturation always increases with an increment of net vertical stress.
Reference [14] cited that the contours of constant suction NCLs for suctions between 10 and 100 kPa appear to be slightly curved and converge towards the fully saturated (zero suction) NCL at high vertical stresses. But the NCLs for higher suction showed straight line behavior. It is expected that the NCLs for higher suction would also converge toward the fully saturated NCL if the samples are loaded to high enough net stresses. Moreover, his results show that all the contours of constant suction NCLs have a slope larger than the saturated NCL. The behavior of soil in the work of Reference [14] is very close to the observed behavior of tested bentonite-sand mixtures in this study.
Conclusions
Regarding to the results of experimental program for a mixture of 30% Calcigel bentonite and 70 % Haider sand (30B) with two different initial states (slurry and loose) and wide range of net stresses under different values of constant suction used in study to examine the volume change behavior of Bentonite-Sand mixture under constant suction condition, the following points can be achieved:
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